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Abstract - Pollution has been on the rise ever since the industrial revolution. In Lebanon, water and air pollution are among the most
serious issues that require immediate solutions. Further, soil pollution cannot be excluded since it affects water sources and human
nutrition. Soil pollution can happen due to hydrocarbon contamination or inorganic contamination like metal presence. More specifically,
there are heavy metals (HMSs) that if present above certain concentrations become contaminants to soils and crops. In this work, the use
of plants, precisely a hyperaccumulator seedling called poplar, was explored as a remediation technique for cadmium (Cd) and nickel
(Ni) contamination in soil. A pot experiment is set up in a greenhouse compartment at the American University of Beirut using
synthetically contaminated clay soil to evaluate the efficiency of poplar seedlings in phytoremediation during a period of four months.
The use of hyperspectral imaging (HSI) to detect and quantify heavy metals absorbed by different parts of the plants is also being assessed.
The results showed that cadmium mostly accumulates in poplar leaves while nickel is found mostly in the roots of the plant, according
to the collected data until the present time.
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1. Introduction

There are certain levels of heavy metals presence in the soil beyond which they become contaminants. The main source
of heavy metal contamination in soil is anthropogenic activities like the disposal of metal and industrial wastes and the
leakage of petrochemicals. Most commonly found heavy metals at sites include lead, arsenic, cadmium, chromium, copper,
zinc, nickel, and mercury [1]. Nevertheless, what truly counts as a contamination for plants is the bioavailable part of these
metals in the soil. Some of the impacts of the presence of such metals in the soil and plants include human health risks such
as cancer as well as a decrease in land usability. There are three main methods for the removal of heavy metal contaminants
from soil using what is known to be the best demonstrated available techniques (BDATS) which include immobilization
techniques, soil washing, and phytoremediation. In this work, the focus will be on phytoremediation which involves using
vegetation to remove, contain, or render the contaminants harmless [2]. The metals of interest are cadmium (Cd) and nickel
(Ni) since they are present in the Lebanese soils above the maximum total metals’ permissible limits according to WHO [3].
To remove these metals using phytoremediation, a plant should exhibit a high bioaccumulation coefficient, fast growth, and
deep roots [4]. Poplar trees are short-rotation trees that have been widely used as hyperaccumulator trees previously because
they have these characteristics. Hence, they were put to test in a designed pot experiment to remove cadmium and nickel
from synthetically contaminated soil. The main two objectives of this study are to evaluate poplar trees’ potential for
removing cadmium and nickel from the soil as well as to assess the use of hyperspectral imaging in detecting and quantifying
accumulated heavy metals in the plants’ tissues through benchmarking the results to measured HMs levels using atomic
absorption spectrophotometry (AAS). The novelty of this work lies in applying phytoremediation in Lebanon using poplar
trees and evaluating the potential use of HSI in detecting levels of HMs in plants’ tissue.
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2. Methodology

Eighteen pots were used for the experiment; 6 for soil contaminated with 7 mg cadmium/kg of dry soil, 6 for soil
contaminated with 100 mg nickel/kg of dry soil, and 6 for control pots with no added contamination (i.e., three treatments).
The choice of contamination levels was based on the reviewed contamination levels present in Lebanon’s soil. The soil used
for the experiments was collected from a Lebanese region called Bekaa, known for its agricultural activities [5]. The soil
analysis was done to find the soil particle size distribution (clay soil), moisture content (7.18%), organic matter content
(2.95%), pH (6.62) and conductivity (486 puS/cm), total calcium carbonate (31.86%), available sodium (39.6 mg/kg),
potassium (178 mg/kg), and phosphorus (67.51 mg/kg), background total cadmium (5.234 mg/kg), background total nickel
(98.18 mg/kg), bioavailable cadmium (0.2335 mg/kg), and bioavailable nickel (3.259 mg/kg). Initially, three plants were
analysed upon receive to determine the background levels of Cd and Ni in the different parts of the plants. For the pot
experiments, at two- and four-month intervals, a total of 9 pots were analysed for the cadmium and nickel content, 3 of each
of the pre-mentioned treatments. The plants were divided into roots, twigs (or stems), and leaves to have a better
understanding of the metal uptake. The collected crop parts were rinsed with distilled water as shown in Figure 1, dried in
the oven before grinding, and finally ashed in a furnace at 600°C for two hours. Then, the ash was digested with diluted
hydrochloric acid and the digestate was analysed for Cd and Ni using atomic absorption spectrophotometry.

Figure 1: Rinsed Plant Parts

3. Results and Discussion

The results of the plant analysis over the whole interval are presented in Table 1. In the case of pots with added Cd or
Ni contamination, the plants showed an overall increase in HMs concentration over time. In cadmium trees (i.e., trees planted
in soil with added Cd contamination), the highest metal content was measured in the leaves. In Ni contaminated pots, the
metal was mostly concentrated in the roots of poplar trees. Those results are in line with results reported in literature.
Robinson et al. [6], reported root cadmium concentrations 0.9 times higher than the metal concentration in the shoots of
poplar. Furthermore, Kacalkova et al. [7] found that nickel concentrations were the highest in the poplar’s roots. Besides, the
observation of contamination not showing in the poplar seedlings’ parts in a particular order at each temporal point of analysis
was reported in literature [7] [8].

Moreover, hyperspectral scans using HySpex camera with 288 spectral bands in a 950-2500 hm spectral range were
taken for dried tree stems of plants analysed for background contamination, after two months, and after four months of the
experiment. As seen in Figure 2, the reflectance differs with an introduction of contamination to the plants. The correlation
between these scans and atomic absorption spectrophotometry results is yet to be found. Nevertheless, it is expected that
spectral reflectance of the plant will be positively correlated with the increase of cadmium and nickel content, as seen in a
study about phytoremediation of copper using a small hyperaccumulator tree called Jatropha curcas [9].
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Table 1: Analysis of Plants using AAS After Two- and Four-month Intervals

Metals Roots Stem Leaves
Cd (mg/kg) 0.066 + 0.058 0.144 + 0.037 0.294 +£0.122
Initial Control trees
Ni (mg/kg) 4107 £1.102 1.871 + 1.476 3.438 +1.411
Cd (mg/kg) 0.068 + 0.009 0.047 £0.013 0.045 +0.012
Control trees
Ni (mg/kg) 14579 + 9.193 1.958 + 1.083 2.600 + 1.300
After 2 months
Cadmium trees Cd (mg/kg) 0.193 £ 0.084 0.191 £ 0.020 0.309 +£0.019
Nickel trees Ni (mg/kg) 49.219 + 16.343 5.699 + 0.608 11.660 = 4.160
Cd (mg/kg) 0.024 + 0.005 0.025 + 0.004 0.046 £ 0.023
Control trees
Ni (mg/kg) 15.091 + 2.683 3.272 +£0.808 3.560 + 2.129
After 4 months
Cadmium trees Cd (mg/kg) 0.158 £0.121 0.085 +0.078 0.583 £ 0.227
Nickel trees Ni (mg/kg) 161.535 + 45.032 12.966 + 7.356 | 39.562 +9.160
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Figure 2: Hyperspectral Images of Tree Stems After Two and Four Months
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4. Conclusion

Poplar trees can be used for the phytoremediation of soil in Lebanon which has cadmium and nickel concentrations
above permissible limits according to the literature review. So far, it has been observed that cadmium accumulate mostly in
leaves while nickel in roots, where in both cases the metal content increases in these parts throughout the experiment.
Hyperspectral imaging will be the most interesting part of this work since it provides the ability to predict the contamination
in plant tissues in the future without the need to terminate the plant based on the collected database measured using atomic
absorption spectrophotometry.
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